Abstract-Due to its high spectrum efficiency and good ability in coping with multi-path fading, orthogonal frequency division multiplexing (OFDM) technology has attracted considerable attention from researchers. However, OFDM system is very sensitive to symbol timing offset and carrier frequency offset, so accurate timing synchronization and frequency synchronization are necessary to OFDM system. This paper discusses on OFDM synchronization technology based on training symbol. OFDM synchronization algorithms based on training symbol are investigated, and two algorithms are proposed. An improved algorithm is proposed aimed at resolving training symbol redundancy and timing metric plateau in Schmidl algorithm. The training symbol in this algorithm is conjugated symmetrical and repeated. The timing metric has a sharp peak and eliminates the plateau. Both integral and fractional frequency offset estimation employ the same training symbol, and therefore the system overhead is saved and the complexity is degraded. The second algorithm proposed in this paper does not just improve symbol timing method or frequency offset estimation method. It is a complete set of solution project of OFDM synchronization. A new training symbol with special structure is designed, and a new joint symbol timing and frequency synchronization algorithm is presented based on this symbol. New frequency offset estimation algorithms are characteristic of large estimation range and high accuracy. At the same time, timing synchronization can produce a sharp peak, through which we can find where the OFDM symbol starts. The simulation results show that the performance of the synchronization algorithms proposed here is better than that of conventional methods.
I. INTRODUCTION
OFDM is a highly efficient technology for data transmission, using mutual orthogonal subcarrier to transmit parallel data. It has good ability of resisting multi-path interference and has extremely high availability of frequency spectrum [1] . In recent years, OFDM has been deeply researched and widely applied, such as Digital Audio Broadcasting (DAB), Digital Video Broadcasting (DVB), High Definition Television (HDTV), WLAN IEEE 802.11a [2] and HIPERLAN of European Telecommunications Standards Institute etc.
OFDM symbol synchronization includes symbol timing synchronization and carrier frequency offset estimation. The symbol timing synchronization of the receiver identifies the start position of an OFDM symbol. However, as a technique of multi-carrier modulation, the system of OFDM is more sensitive to carrier frequency offset than the single-carrier system. When there is carrier frequency offset in the system, the orthogonality between subcarriers are destroyed, resulting in inter-carrier interference (ICI), then system performance deteriorates rapidly [3] ; when there is timing synchronization error, phase offset and inter-symbol interference arise in the system of OFDM [4] .
In recent years, several OFDM synchronization algorithms [5] [6] [7] [8] [9] have been proposed. In [6] , in the condition of complete synchronization of symbol timing, Moose researched carrier frequency offset estimation algorithm. The sender sent two same training symbols, then the receiver used maximum likelihood estimation to estimate frequency offset. The range of frequency offset estimable is ± 1/2 subcarrier interval. Moose also proposed that increasing subcarrier interval could improve the range of frequency offset estimation, but it would decline the precision of the estimation. In [7] , Schmidl used two different training symbols. Data in the two half periods of the first symbol were same, which was used for symbol timing synchronization and decimal frequency offset estimation; the second training symbol sent different pseudo-random sequences over even and odd subcarrier, which were used for integer frequency offset estimation. The timing synchronization of this algorithm exists peak platform phenomenon. Because of using two training symbols, the system's redundancy rate is high. In [8] , Morelli and Mengali (M & M) provide an improved frequency offset estimation algorithm based on the best linear unbiased estimate (BLUE) guidelines. The algorithm only needs a training symbol with L (L> 2) components of the same, and the estimated range is ± L / 2 sub-carrier intervals.
This paper proposes an improved Schmidl algorithm. It only uses the first symbol of the Schmidl training sequence, decreasing the system cost. The range of frequency offset estimation of this algorithm can reach the whole bandwidth of OFDM signal. At the same time, it eliminates the peak platform phenomenon of the Schmidl algorithm, which can use sharp peak to precisely indicate symbol timing position.
At the same time, a new training symbol structure is proposed, being different from many classical algorithm, the training symbol has special phase rotation relationship in the frequency domain, but not repeatability in the timedomain. A new synchronization algorithm for the joint is presented for this training symbol. In the new algorithm, frequency offset estimation is characteristic of large estimation range and high accuracy, and timing synchronization can produce a sharp peak, through which we can find where the OFDM symbol starts accurately.
II. OFDM SIGNAL MODEL
In OFDM system, the baseband form of transmission signal in the sender can be expressed as:
where, After discrete multipath fading channel, the output signal can be expressed as:
where, h i (t) represents the gain of channel i at time t, i τ is delay time, L represents numbers of channel paths. After ideal synchronization, received time zone signal is: 
Removing the protect interval, the received N sampling points of l th OFDM symbol can be expressed as:
l n g s r r n N lT T = + + ⋅
The channel is assumed as a slow fading channel, and it is quasi-stationary in the l th OFDM signal. Let these N sampling points go through FFT, the k th subcarrier demodulation data of l th OFDM signal can be expressed as [11] :
where, 
Neglecting the influence of the sampling clock offset, OFDM discrete signal should be re-expressed, in order to easily study carrier frequency offsets and symbol timing. In OFDM system, the baseband form of transmission signal in the sender can be expressed as [13] :
where, n= 0,1,…,N+L-1, X k represents plural data modulated to subcarrier., N represents the numbers of the subcarrier in system, L represents the length of the loop prefix.
The receipt signal which passed through multi-path attenuation signal path under the condition of ideal synchronization can be expressed as:
where, h(l) represents the fading coefficient of the channel l . In the receiver, because of delay constraint, frequency offset and Gaussian noise the receipt signal can be expressed as:
where, θ、∆f represent the number of delay constraint sampling points and frequency offset normalized value respectively. w(n) represents additive white Gaussian noise, whose equalizing value and variance are 0 andσ w 2 .
III. IMPROVED SCHMIDL ALGORITHM

A. Structure of training symbol
In the sender, even subcarrier transmits real PN sequence and odd subcarrier transmits "0".In this way, the composed symbol is not only on the N/2 conjugate symmetry in time domain, but also repetitive structure. The first half of the training symbol is the same as the last half. This unique structure can be expressed as followed [15] :
(1) Repetitive structure:
(2) conjugate symmetry structure:
where,
x n represents the training symbol.
In this method conjugate symmetry structure was introduced to Schmidl training symbol. So, at one hand, conjugate symmetry can be used to detect symbol timing position, at the other hand, repetitive structure is used to estimate the frequency offsets.
Training symbol structure is expressed as Figure As it is, training symbol time domain sampling points are conjugate symmetry in the sender. Through multi-paths channel, ignoring the noise,
− have the same phases, and
B. Symbol Timing Algorithm
In the sender, even subcarrier transmits PN real sequences, and odd subcarrier transmits "0". Thus, after IFFT, the timing domain sample points of the training symbol obtained own properties, which can be expressed as:
Then:
So, in the receiver, the timing domain sample points of the training symbol are conjugate symmetrical distributions, whose centre is x T (N/2). After signal path, neglecting the effect of noise, r T (N/2+k)*r T (N/2-k) own the same phase, and
In the receiver, two parts of the training symbol both contain N/2 plural samples. The sum of product of paired samples can be expressed as:
The energy of N/2 samples received are as followed:
Here, we define timing measure as: 
The estimated value of timing offset θ is as followed:
C. Carrier Frequency Offsets Estimation
The carrier frequency offsets of OFDM can be expressed as:
where ∆f I represents integer carrier frequency offsets, and ∆f F represents fraction carrier frequency offsets. Fraction carrier frequency offsets can destroy the orthogonality of subcarrier, which can bring about ICI and bring down the system's performance. Although integer carrier frequency offsets can't destroy the orthogonality of subcarrier, it can change the structure of OFDM's signal frequency spectrum, which can cause the data sequence receiver recovered cyclic shift [10] . So, it is necessary to execute integer and fraction carrier frequency offsets estimation and compensation in the receive end. Schmidl algorithm uses two different training symbols. It uses the first training symbol to estimate fraction carrier frequency offsets. After the offsets compensated and FFT, it uses the second symbol to estimate integer carrier frequency offsets. This paper improved the Schmidl algorithm. Towards the Schmidl algorithm's first symbol, firstly, we use the algorithm this paper proposed to estimate and compensate the integer carrier frequency offsets. Then we use Schmidl algorithm to estimate fraction carrier frequency offsets, so we can finish the frequency offsets.
After the receiver received the precise timing position, the samples of the training symbol, taking out the cyclic prefix, can be expressed as:
(21) Because the training sequences sent by sender is known for receiver, we can define the multiplication factor f(n) as followed:
The first and second half of the training sequence are the same, so f(n) only need to calculate the first N/2 points. The last half points are the same as the first half, thus, we can save workload by 50%. Multiply r T (n) by f(n), we can obtain as followed:
where, n=0, 1… N-1, w1(n) and w2(n) are distracters,
1) Integer Carrier Frequency Offsets Estimation
Neglecting the distracters, r1(n) possesses only one unknown frequency, which is OFDM system's frequency offsets. So, we can estimate OFDM system's frequency offsets through making r1(n) FFT [16] .
, fk=0, 1,…N-1. Integer carrier frequency offsets ∆fI can be estimated by detecting the peak position of the 2I(fk)+I(fk+1). This algorithm is competed through FFT so that the amount of calculation is cut to the bone.
2) Fraction Carrier Frequency Offsets Estimation
After integer carrier frequency offsets estimation is finished, the normalized range of frequency offsets left is [0, 1). As well as that, in Schmidl algorithm, the range of fraction frequency offsets is (-1, 1) . So, we can use Schmidl algorithm to estimate the remaining fraction frequency offsets. From formula (12), we can deduce as followed (neglecting the noise):
So, fraction frequency offsets can be expressed as:
D. Simulation Results and Performance Analysis
Simulation parameters are as followed:
(1) The complex-valued baseband signal Xk is selected randomly from the QPSK constellation points.
(2) Each frame of data contains one training symbol and 10 data symbols, and each symbol has 256 sampling points.
(3) Cyclic prefix contains 32 sampling points.
(4) Multi-path channel is composed of 25 paths. The delay length of each path is followed by 0, 1 ... 24 sampling points, the amplitude range of diameter l is exp(-l/5) as well.
(5) Symbol timing error θ = 20, the normalized frequency offset ∆f= 3.4.
(6) Simulation cycles nloop=100. Figure 5 is the comparison of the BER of algorithm improved with that of MM algorithm. MM algorithm's training symbol possesses 8 same parts. The figure shows that BER of the carrier frequency offsets estimation algorithm improved is better than that of MM algorithm. Based on Schmidl algorithm, this paper proposed an improved an improved joint timing and frequency synchronization algorithm for OFDM. It used a training symbol with OFDM symbol's length to precisely execute symbol timing and frequency offset estimation.
In order to neglecting the effect of ICI, this algorithm is competed in time domain. Furthermore, without FFT, it can realize system synchronization faster. Besides, the algorithm possesses a comparative advantage of small amount of calculation, low complexity and small system overhead. Therefore, it is adapted to continuous transmit model as well as burst packet model. Simulation results show that this algorithm is better than Schmidl algorithm, and it can satisfy the demand of synchronization in OFDM system.
IV. JOINT OFDM SYNCHRONIZATION ALGORITHM
A. Symbol Timing Algorithm
Training symbols sent in the transmitter has the following properties in the frequency domain:
After converting series to paralleling, inverse fast fourier transforming, the relationship between training symbols in the time domain is as follows:
Neglecting the effect of noise, the received timedomain training sequence through the channel still has the following relationship:
At the receiving end, so that:
The analysis shows that, when d ≤ θ + Ng, R (d) is zero, when d> θ + Ng, R (d) is not zero. In order to find the critical point for further, the following operation is calculated: The estimated value θ of timing error is:
B. Carrier frequency offset estimation
After obtaining the accurate symbol timing location at the receiving end and removing the cyclic prefix, the sampling point of the training symbol can be expressed as (ignoring noise effects) :
The algorithm is based on the following assumptions: adjacent Channels experience almost the same decline. That is
. At the same time, we can see that
At the receiving end, the received time-domain training sequence has the following relationship:
Thus, the carrier frequency offset of OFDM system can be expressed as: In this way, we can have a greater range of frequency offset estimation, but also can guarantee high estimation accuracy.
C. Simulation results and performance analysis
Simulation parameters are as follows:
(1) The complex-valued baseband signal Xk is selected randomly from the quaternary phase shift keying (QPSK) constellation points.
(2) Each frame of data contains a training symbol and 10 data symbols, and each symbol has 128 sampling points.
(4) Multi-path channel is composed of 25 paths, the delay length of each path followed by 0,1, ..., 24 sampling points, the amplitude range of diameter l is exp (-l/ 5). Figure.6 is timing synchronization algorithm simulation proposed in this paper when the signal to noise ratio (SNR) is 20. Simulation result shows that the algorithm can produce a sharp peak, through which we can find where the OFDM symbol starts. Figure. 7 and Fig.6 are separately the bit error rate (BER) and mean square error (MSE) comparison curves between carrier frequency offset estimation algorithm presented in this paper and MM algorithms under different SNR. Here, training symbols used in MM algorithm contain eight identical parts. From the figure we can see that the performance of this algorithm is obviously superior to MM algorithm. Training sequences used for synchronization is generally composed of repeated sequences in order to have a large range of frequency offset estimation. At the same length of time, the more the number of repeat sequences is, the greater the estimated range is, but the worse the estimation accuracy becomes. A new training symbol structure is presented, and a new joint synchronization algorithm for the training symbols is proposed. In the new algorithm, frequency offset estimation is characteristic of high accuracy and large estimation rang, accurate symbol timing position is available, at the same time, timing synchronization can produce a sharp peak, through which we can find where the OFDM symbol starts. Simulation results demonstrate the effectiveness of the new algorithm.
V. CONCLUSION
In recent research of OFDM synchronization, generally,carrier frequency offsets estimation and symbol timing synchronization were separated. However, these two are influenced with each other under actual condition. So, we designed two effective algorithms, which consider the union estimation with carrier frequency offsets and symbol timing offsets. An improved algorithm is proposed aimed at resolving training symbol redundancy and timing metric plateau in Schmidl algorithm. Both integral and fractional frequency offset estimation employ the same training symbol, and therefore the system overhead is saved and the complexity is degraded. Secondly, a new training symbol with special structure is designed, and a new joint symbol timing and frequency synchronization algorithm is presented based on this symbol. New frequency offset estimation algorithms are characteristic of large estimation range and high accuracy.
